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VACUUM CLEANER HEADLIGHT 

BACKGROUND OF THE INVENTION 

This invention relates to vacuum cleaner headlights. 
In particular, this invention relates to a vacuum cleaner 
headlight assembly including a light pipe. 

It is well known to include a headlight at the front of 
a -vacuum cleaner to illuminate the surface to be 
cleaned. Such headlights are particularly useful to illu 
minate corners of rooms where the ambient light is not 
that bright, and for cleaning under furniture. Headlights 
can be provided both on the base of an upright vacuum 
cleaner and on the motor-driven nozzle of a canister 
vacuum cleaner. Hereafter, the term "vacuum cleaner" 
will be used to refer to both the base of an upright 
vacuum cleaner and the motor-driven nozzle of a canis 
ter vacuum cleaner, unless otherwise noted. 
The simplest and most common form of vacuum 

cleaner headlight includes one or more bulbs mounted 
behind a lens near the front of the vacuum cleaner. In 
such a headlight the bulbs are usually mounted in a 
re?ector housing. To be most useful, the headlight must 
illuminate the area immediately in front of the vacuum 
cleaner. To achieve that result, the bulb and lens are 
placed as far forward as possible to avoid casting the 
shadow of the vacuum cleaner itself on the ?oor in front 
of the vacuum cleaner. However, the size of the bulb 
and re?ector housing can add signi?cantly to the height 
of the vacuum cleaner, making it more difficult for the 
vacuum cleaner to be used under furniture. For that 
reason, in some cases the bulb is moved further back, 
but that results in shadows in the area immediately in 
front of the vacuum cleaner, which is precisely the area 
to be cleaned. 

It is also known to use light pipes in vacuum cleaner 
headlights. In such a headlight system, the bulb can be 
placed within the body of the vacuum cleaner remote 
from the front face, and the light is conducted to the 
front face by a light pipe, which is an optical wave 
guide, usually rigid, formed from glass, quartz, or opti 
cal grade plastics such as methacrylate plastics. 
However, in known vacuum cleaner light pipe head 

light systems, the light exiting the front face of the light 
pipe tended to be concentrated directly in front of the 
bulb, so that even if the light pipe exit end were wide, 
the light pattern would not cover the full area in front of 
the vacuum cleaner. To provide a useful distribution of 
light, it has been known to use multiple bulbs and, in at 
least one case, multiple light pipes across the width of 
the vacuum cleaner. 

It would be desirable to be able to provide a vacuum 
cleaner headlight which does not excessively increase 
the height of the front of a vacuum cleaner. 

It would also be desirable to be able to provide a 
vacuum cleaner headlight which illuminates the area 
immediately in front of the vacuum cleaner. 

It would further be desirable to be able to provide a 
vacuum cleaner headlight which has an even distribu 
tion of light across the width of the vacuum cleaner. 

It would still further be desirable to provide such a 
vacuum cleaner, incorporating a light pipe, which only 
required one light pipe and one light bulb or other light 
source. 
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2 
SUMMARY OF THE INVENTION 

It is an object of this invention to provide a vacuum 
cleaner headlight which does not excessively increase 
the height of the front of a vacuum cleaner. 

It is also an object of this invention to provide a vac 
uum cleaner headlight which illuminates the area imme 
diately in front of the vacuum cleaner. 

It is a further object of this invention to provide a 
vacuum cleaner headlight which has an even distribu 
tion of light across the width of the vacuum cleaner. 

It is a still further object of this invention to provide 
such a vacuum cleaner, incorporating a light pipe, 
which only requires one light pipe and one light bulb or 
other light source. 

In accordance with this invention, there is provided a 
vacuum cleaner assembly including a housing having a 
front wall, a light pipe chamber within the housing 
communicating with a headlight aperture in the front 
wall, a light source within the housing remote from the 
headlight aperture, and a substantially planar light pipe 
within the light pipe chamber. The light pipe has a ?rst 
index of refraction, a rear face adjacent the light source 
for receiving light from the light source, a front face 
disposed substantially in the headlight aperture through 
which light is emitted, and an upper surface and a lower 
surface. At least one of the upper and lower surfaces has 
primary reflex optical elements thereon for distributing 
light entering the rear face in a desired distribution to 
the front face. 
A re?ex optical re?ector is also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of the 
invention will be apparent upon consideration of the 
following detailed description, taken in conjunction 
with the accompanying drawings, in which like refer 
ence characters refer to like parts throughout, and in 
which: 
FIG. 1 is a perspective view of a vacuum cleaner 

incorporating the headlight system of the present inven 
tion; 
FIG. 2 is a vertical cross-sectional view of the vac 

uum cleaner of FIG. 1, taken from line 2-2 of FIG. 1; 
FIG. 3 is a horizontal cross-sectional view of the 

vacuum cleaner of FIGS. 1 and 2, taken from line 3-3 
of FIG. 1; 
FIG. 4 is a perspective view of a light pipe according 

to the present invention; 
FIG. 5 is a top plan view of the light pipe of FIG. 4, 

taken from line 5-5 of FIG. 4; 
FIG. 6 is a right side elevational view of the light pipe 

of FIGS. 4 and 5, taken from line 6—-6 of FIG. 5; 
FIG. 7 is a vertical cross-sectional view of the light 

pipe of FIGS. 4-6, taken from line 7-7 of FIG. 5; 
FIG. 8 is a leh side elevational view of the light pipe 

of FIGS. 4-7, taken from line 8-8 of FIG. 5; 
FIG. 9 is a front elevational view of the light pipe of 

FIGS. 4-8, taken from line 9-9 of FIG. 5; 
FIG. 10 is a rear elevational view of the light pipe of 

FIGS. 4-9, taken from line 10-10 of FIG. 5; 
FIG. 11 is a bottom plan view of the light pipe of 

FIGS. 4-10, taken from line 11-11 of FIG. 4; 
FIG. 12 is an exploded perspective view of the light 

pipe of FIGS. 4-11; 
FIG. 13 is a front elevational view of a re?ex optical 

re?ector according to the present invention; 
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FIG. 14 is a rear elevational view of a re?ex optical 
re?ector according to the present invention; and 
FIG. 15 is a top plan view of a re?ex optical re?ector 

according to the present invention, taken from line 
15-15 of FIG. 13. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The vacuum cleaner headlight system of the present 
invention provides substantially uniform illumination 
on the ?oor in front of a vacuum cleaner, as close as 
possible to the vacuum cleaner, by using a light pipe to 
horizontally distribute light from a light source, such as 
a bulb, within the vacuum cleaner and to project it from 
the front of the vacuum cleaner onto the ?oor. 
As discussed in part above, a light pipe is a molded 

optical waveguide, usually rigid, formed from any opti 
cal grade light transmissive material. Like optical wave 
guide ?bers (“?ber optics“), light pipes can direct light 
because of the phenomenon of total internal re?ection, 
which is a consequence of Snell's Law of Refraction. 

According to Snel’s Law, light travelling from a ?rst 
medium having a ?rst index of refraction to a second 
medium having a second different index of refraction, 
and approaching the interface between those media at a 
non-zero angle relative to a line normal to the interface, 
will change directions at the interface because of refrac 
tion. If the second index of refraction is greater than the 
?rst, the angle between the refracted light rays and the 
normal line will be smaller in the second medium than it 
was in the ?rst medium. If the second index of refrac 
tion is less than the ?rst, the angle between the refracted 
light rays and the normal line will be greater in the 
second medium than it was in the ?rst medium. 

Snell's Law can be expressed mathematically as fol 
lows: 

where n1 and n; are the indices of refraction in the ?rst 
and second media, respectively, and 01 and 62 are angles 
between the normal and the incident and refracted light 
rays, respectively, otherwise known as the "angle of 
incidence" and the “angle of refraction." 

Total internal re?ection occurs when light is passing 
from a medium of higher index of refraction to one of 
lower index of refraction and the angle of refraction 
(02) reaches, or just exceeds, 90', at which point the 
light ray is refracted so far from the normal that it is 
effectively re?ected back into the ?rst medium. Because 
sin(90')= I, this occurs when: 

in ain01=n3, 

so that total internal re?ection occurs, for two media 
having indices of refraction m and n1, when the angle of 
incidence just exceeds 

91 Illn- l(Ill/In). 

This angle will obviously differ for each pair of media 
having different indices of refraction. 
As an approximation to most of the optical grade 

materials that can be used in the present invention, glass 
has an index of refraction of approximately 1.5, while 
air has an index of refraction of approximately 1 (the 
index of refraction of a vacuum is exactly 1). Therefore, 
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4 
for light rays traveling in glass, total internal re?ection 
occurs when the angle of incidence exceeds 

Thus for a light pipe of glass or an optical medium of 
similar index of refraction, only those light rays having 
angles of incidence of less than 41.8‘ would escape 
through the sides of the waveguide. If the direction of 
the light rays that enter through the entrance end of the 
light pipe are sufficiently well-controlled, one can al 
most guarantee that no light rays will escape before 
reaching the exit end. Only those light rays that enter at 
random angles (e.g., light rays from ambient sources) 
might be sufficiently close to being perpendicular to the 
side walls of the light pipe to escape. If the dimension of 
the light pipe perpendicular to the direction of desired 
transmission of light is small enough, only a small num 
ber of random light rays will escape near the entrance 
end of the light pipe. 

Previously known light pipes did not control the 
lateral distribution of the light passing through the light 
pipe. That is, for a light pipe of high aspect ratio-much 
wider in a ?rst direction perpendicular to the direction 
of light travel than it is in a second direction perpendic 
ular to the direction of light travel, previously known 
vacuum cleaner light pipes did nothing to control the 
distribution of light in the ?rst direction, or indeed to 
prevent the escape of light out the side walls in that 
direction. As a result, there was some leakage out the 
sides of previously known vacuum cleaner light pipes 
and, more importantly, light exiting the previously 
known light pipes tended to be concentrated at points 
along the width of the exit end that were directly oppo 
site the points along the width of the entrance end at 
which the light sources were located. 
The present invention addresses these dif?culties of 

high-aspect ratio light pipes by providing reflex optical 
elements on surfaces of the light pipe, using total inter 
nal re?ection to increase control of light propagating 
through the light pipe. Re?ex optical elements are opti 
cal elements that re?ect light. 

In the present invention, the re?ex optical elements 
are triangular prismatic elements arranged along lines 
extending substantially radially from a single point. 
behind the entrance end of the light pipe. The light 
source of the vacuum cleaner is intended to be mounted 
at this virtual center point of the array of prismatic 
elements. The prismatic elements in the preferred em 
bodiment have cross sections that are substantially isos 
celes right triangles, although they need not be. The 
apex angle of the prismatic elements is chosen so that in 
addition to preventing light from escaping from the 
light pipe, total internal re?ection keeps light within the 
prismatic elements. The prismatic elements thereby 
become channels for collimating the light into a desired 
distribution at the front face of the light pipe. By shap 
ing the entrance end so that light enters substantially 
uniformly across the entrance end, light can be directed 
to exit substantially uniformly across the exit end. In the 
case of a vacuum cleaner headlight, this results in more 
uniform lighting. 
A vacuum cleaner assembly 10 incorporating a light 

pipe 40 according to the present invention is shown in 
FIGS. 1-3. As explained above, the present invention 
can be used in the motor-driven nozzle of a canister 
vacuum cleaner, or in the base of an upright vacuum 
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cleaner; vacuum cleaner assembly 10 as shown in the 
drawings is a motor-driven nozzle. 

Motor-driven nozzle 10 has a suction chamber 20 
housing a rotating (when operating) agitator brush 21. 
Brush 21 helps dislodge dirt from the surface to be 
cleaned, which is then sucked through suction passage 
22 into connector 11, which connects to the wand and 
suction hose (neither shown) of a canister vacuum unit. 
Wheels 23 (one shown) make it easier to move motor 
driven nozzle 10 over the surface to be cleaned. Power 
cord 12 provides power to motor 30 which drives brush 
21 via belt 31. Switch 32 can be provided to turn motor 
30 on and off, depending on the nature of the surface to 
be cleaned (e.g., carpeted or not carpeted), and possibly 
to change the speed of motor 30. Light bulb 24 illumi 
nates the surface to be cleaned through light pipe 40 in 
accordance with the invention. A re?ector 25, which 
according to a preferred embodiment of the invention 
employs re?ex optics, reflects light from bulb 24 
through light pipe 40. A bumper strip 15 extends around 
the perimeter of motor-driven nozzle 10 to protect fur 
niture and walls from impacts with motor-driven nozzle 
10. 

It is desirable for the front 26 of motor driven nozzle 
10 (or of an upright vacuum cleaner base) to be as low 
as possible to maximize the utility of the vacuum cleaner 
for cleaning under furniture and beds. Suction chamber 
20 contributes a certain minimum height, and a tradi 
tional headlight would add too much height for motor 
driven nozzle 10 to be truly useful if the headlight were 
at the front edge 26. And if the headlight were not at the 
front edge 26, front edge 26 would cast a shadow in the 
surface to be cleaned that would prevent illumination of 
the immediate area to be cleaned. 

Therefore, in accordance with the present invention, 
light pipe 40, which is relatively thin, is provided to 
direct light out front edge 26, without light bulb 24 
having to be over suction chamber 20. 

Light pipe 40 is preferably made of an optical grade 
plastic such as polymethyl methacrylate, which has an 
index of refraction of about 1.489. Entrance end 33 of 
light pipe 40 is preferably shaped to allow light rays 
from bulb 24 to enter easily into light pipe 40. 
The upper and lower surfaces 60, 61 of light pipe 40 

bear a pattern of primary re?ex prismatic elements 50 
and secondary re?ex prismatic elements 51. Primary 
prismatic elements 50 preferably extend along lines that 
radiate from a point that is preferably centered on the 
?lament of bulb 24, and are provided to collimate and 
channel light uniformly from bulb 24 to the front exit 
end 41 of light pipe 40. That prevents a concentration of 
light directly in front of bulb 24, spreading the light 
across the width of light pipe 40. 
The apex angle of primary prismatic elements 50 is 

chosen with regard to the index of refraction of the 
material of light pipe 40 and the desired channeling 
effect. If the apex angle is too small, the sides of ele 
ments 50 will be too steep and light may escape, but if 
the apex angle is too large, the sides of elements 50 may 
be too shallow to provide the desired channeling. In a 
particularly preferred embodiment, the apex angle is 
between about 89.5‘ and about 90.5‘. 
As primary elements 50 extend away from entrance 

end 33, because they are extending radially from a 
point, they diverge. If this divergence were not com 
pensated for, it would result in gaps at exit end 41 be 
tween the ends of the various prismatic elements 50. 
When the headlight was operating, such gaps would 
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6 
manifest themselves as dark, or dim, spots between the 
bright spots formed by elements 50. To eliminate such a 
pattern of alternating bright and dim spots, secondary 
reflex prismatic elements 51 are provided. 
The cross section of secondary prismatic elements 51 

is preferably mathematically similar to that of primary 
prismatic elements 50, with the same particularly pre 
ferred apex angle of between about 89.5‘ and about 
90.5‘. However, because secondary prismatic elements 
51 are designed to ?ll the increasingly wide gaps be 
tween primary prismatic elements 50, the cross section 
of each secondary prismatic element 51 preferably be 
gins as substantially a point, and increases in size gradu 
ally, until it reaches exit end 41. (Actually, the cross 
section of each of primary prismatic elements 50 also 
starts substantially as a point at its virtual origin, cen 
tered on the ?lament of bulb 24, and increases as it 
extends toward exit end 41.) Secondary prismatic ele 
ments 51 pick up light rays that stray into the voids 
between primary prismatic elements 50 and direct them 
to exit end 41, resulting in a substantially uniformly 
bright illumination at exit end 41. 

Exit end 41 of light pipe 40 is preferably formed at an 
incline, with the top further back than the bottom. This 
results in refraction of exiting light rays downward, so 
that the surface to be cleaned can be illuminated imme 
diately in front of motor-driven nozzle 10. The angle of 
inclination in the preferred embodiment is about l7‘. 

Light pipe 40 can be molded or otherwise formed as 
a single piece. However, especially when molding light 
pipe 40 from an optical grade plastic, it is advantageous 
to form light pipe 40 in two pieces, i.e., an upper half 
pipe 120 and a lower half-pipe 121, as best seen in FIG. 
12 and FIGS. 6-8. Molding light pipe 40 as two half 
pipes 120, 121 allows faster cooling of light pipe 40, as 
it is well known that a given volume cools faster as 
smaller pieces than as a single larger volume. Moreover, 
the two half-pipes 120, 121 function as independent 
waveguides, and as discussed above, the narrower the 
waveguide, the smaller the fraction of entering light 
rays that will escape through the sides. 
The lower surface 122 of upper half-pipe 120 and the 

upper surface 123 of lower half-pipe 121 meet along 
parting plane 62. Preferably surfaces 122, 123 are per 
fectly smooth and ?at and meet perfectly along plane 
62. However, it is acceptable if upper and lower half 
pipes 120, 121 meet perfectly only at front and rear 
edges 33, 41. If half-pipes 120, 121 fail to meet at either 
edge 33, 41, the direct glare of bulb 24 may be visible to 
the user when bulb 24 is illuminated. If half-pipes 120, 
121 fail to meet at front edge 41, whether or not they 
meet at rear edge 33, there will be an unsightly gap. It 
is of little consequence, however, whether or not sur 
faces 122, 123 meet along all of plane 62, because, as 
long as each surface 122, 123 is smooth and nearly flat, 
light will stay within the respective half-pipe 120, 121 
even if surfaces 122, 123 are not perfectly flat. 
As best seen in FIG. 5, the horizontal cross section of 

upper half-pipe 120 is not identical to that of lower 
half-pipe 121. Upper half-pipe 121] has indentation 52 at 
side 53. Indentation 52 is provided solely to enable light 
pipe 40 to fit within the housing of motor-driven nozzle 
10 without interfering with sloping surface 13. Front 
face 41 of upper half-pipe 120 is extended over indenta 
tion 52. In a motor-driven nozzle of different design, 
indentation 52 may not be necessary. 
Upper and lower half-pipes 120, 121 may be fastened 

together in any convenient way that does not interfere 
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with their optical function or with their proper ?t with 
one another. For example, an adhesive that is effective 
in a thin layer may be used, or mechanical clips may be 
applied around the outside edges of sides 53, 54. Me 
chanical clips that extend into half-pipes 120, 121 may 
also be used, but may create baffles or shadows inside 
light pipe 40 that decrease the uniformity of light distri 
bution. The most preferred method of fastening, how 
ever, is to provide posts on one of the half-pipes and 
corresponding holes in the other half-pipe (not shown). 
The posts are aligned to engage the holes in a press fit 
manner to hold the half-pipes together. Even where 
adhesive or clips are used, it may be advantageous to 
provide short posts and corresponding holes for align 
ment purposes. 

In the preferred embodiment, as illustrated in the 
Figures, lower half-pipe 121 has depending ?ange 42. 
Flange 42 is provided solely for decorative purposes 
and in the illustrated embodiment is clear. As a result, 
when the headlight system is operating, bottom edge 43 
of ?ange 42 is illuminated. It is also possible to provide 
other decorative treatments on ?ange 42, including ribs, 
grooves, matte stripes, etc. 
Even with the provision of prismatic elements 50, 51, 

some of the light entering at end 33 may tend to stray 
out sides 53, 54 of light pipe 40. That is particularly so 
in the case of certain of elements 50, 51 that, because 
they follow strictly radial lines from bulb 24, terminate 
at side 53 or side 54, rather than at front edge 41. Ac 
cordingly, light pipe 40 is preferably provided with 
supplemental re?ex prismatic elements 100 at sides 53, 
54 

Supplemental re?ex prismatic elements 100 are de 
signed to capture, by total internal re?ection, any such 
stray or misdirected light rays, and channel them either 
back into the body of light pipe 40 or along sides 53, 54 
to front exit edge 41. In the preferred embodiment hav 
ing two half-pipes 120, 121, supplemental elements 100 
are provided on the side edges of both half-pipes 120, 
121. As in the case of primary and secondary prismatic 
elements 50, 51, the cross section of each supplemental 
prismatic element 100 is preferably an isosceles triangle 
whose apex angle is chosen to assure the proper amount 
of internal re?ection while still allowing the desired 
channeling. In a particularly preferred embodiment, the 
apex angle is between about 89.5‘ and about 90.5’. 

Because light pipe 40 does not extend across the full 
width of motondriven nozzle 10, it would not ordinar 
ily illuminate the entire surface immediately in front of 
motor-driven nozzle 10. In order to provide such illumi 
nation, exit edge 4 of light pipe 40 is formed with pris 
matic shifting elements 55, which are angled to refract 
exiting light rays, preferably by varying angular 
amounts, toward the area 14 of motor-driven nozzle 10 
to which light pipe 40 does not extend. Prismatic shift 
ing elements 55 preferably are of progressively smaller 
angle as one proceeds from side 53 toward side 54. In 
the preferred embodiment, prismatic shifting elements 
55 are divided into nineteen groups. In that preferred 
embodiment, proceeding from group to group from side 
53 toward side 54, the prism angle facing side 54 in 
creases from about 14.65‘ to about 75.0‘, and proceed 
ing from side 54 to side 53, the prism angle facing side 
53 ranges from about 15.0‘ to about 90.0‘. The angles 
are chosen to assure that area 14 is illuminated, as well 
as to assure that areas not directly in front of nozzle 10 
are not needlessly illuminated. In addition, some of the 
groups near the center of exit end 41 are preferably 
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inclined at a greater angle than the approximately 17' 
inclination of the remaining groups, to provide more 
effective illumination of the surface to be cleaned imme 
diately in front of nozzle 10. 
The effects of shifting elements 55 are shown in FIG. 

1, where area 16 represents the area that would be illu 
minated in the absence of shifting elements 55, while 
area 17 represents the area illuminated when shifting 
elements 55 are provided. 

In the preferred embodiment of light pipe 40 having 
upper and lower half-pipes 120, 121, shifting elements 
55 are provided on both half-pipes 120, 121. However, 
it is possible to provide shi?ing elements 55 on only one 
of half-pipes 120, 121. 
As stated above, re?ex optical re?ector 25 is pro 

vided to better utilize the light from bulb 24. Re?ector 
25 is made re?ective by providing a plurality of pris 
matic re?ecting elements 140 on the rear surface of 
re?ector 25 (away from bulb 24), in place of the tradi 
tional metallization applied to such surfaces in conven 
tional mirrors. This decreases the absorption caused by 
traditional metallization techniques such as vacuum 
metallization. All of the material of re?ector 25 is intrin 
sically transparent. However, the apex angle of each of 
elements 140 is preferably chosen so that substantially 
all light rays entering face 150 of re?ector 25 are re 
?ected back toward bulb 24 and entrance edge 33 of 
light pipe 40. Tabs 130 are provided for attaching to 
?ector 25 to motor-driven nozzle 10. 
The horizontal cross section of face 150 is preferably 

a circular arc, most preferably a semicircle, substan 
tially centered on the ?lament of bulb 24 (Le, substan 
tially the same virtual center point from which elements 
50, 51 radiate). Ideally, re?ector 25 should be part 
spherical; however, with the dimensions involved in 
motor-driven nozzle 10, a part-cylindrical shape is a 
sufficient approximation. In this case, all light rays are 
impinging substantially normally on surface 150 and 
continuing back to elements 140. It is desired that no 
light ray impinge on a side of any element 140 at less 
than 41.8‘ from the normal, or more than 48.2‘ from the 
surface of that side. Hence the preferred apex angle is 
no greater than 96.4’ (twice 48.2‘). The particularly 
preferred apex angle is between about 89.5‘ and about 
90.5‘. 

Re?ector 25 increases the amount of light entering 
light pipe 40. The semicircular shape directs re?ected 
light rays into light pipe 40 at substantially the same 
angle as direct light from bulb 24. Accordingly, the 
available light is increased while the number of stray 
rays that would affect the uniformity of light distribu 
tion is 
Thus it is seen that a vacuum cleaner headlight which 

does not excessively increase the height of the front of 
a vacuum cleaner, which illuminates the area immedi 
ately in front of the vacuum cleaner, and which has an 
effective distribution of light across the width of the 
vacuum cleaner, as well as a vacuum cleaner, incorpo 
rating a light pipe, which only requires one light pipe 
and one light bulb or other light source, are provided. 
One skilled in the art will appreciate that the present 
invention can be practiced by other than the described 
embodiments, which are presented for purposes of illus 
tration and not of limitation, and the present invention is 
limited only by the claims which follow. 
What is claimed is: 
1. A vacuum cleaner assembly, comprising: 
a housing having a front wall; 
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a light pipe chamber within said housing communi 
cating with a headlight aperture in said front wall; 

a light source within said housing remote from said 
headlight aperture; and 

a substantially planar light pipe within said light pipe 
chamber. said light pipe having: 

a ?rst index of refraction; 
a rear face adjacent said light source for receiving 

light from said light source, 
a front face disposed substantially in said headlight 

aperture through which light is emitted, and 
an upper surface and a lower surface, at least one of 

said upper and lower surfaces having primary re 
?ex optical elements thereon for distributing light 
entering said rear face in a desired distribution to 
said front face, said re?ex optical elements being 
optical elements that direct light transmitted there 
through by substantially total internal re?ection of 
said light. 

2. The vacuum cleaner assembly of claim 1 wherein 
both of said upper and lower surfaces have said primary 
re?ex optical elements thereon. 

3. The vacuum cleaner assembly of claim 1 wherein 
said light pipe comprises a substantially planar upper 
half-pipe and a substantially planar lower half-pipe, 
each of said half-pipes having upper and lower surfaces, 
the lower surface of said upper half-pipe being comple 
mentary, and at least one of the upper surface of said 
upper half-pipe and the lower surface of said lower 
half-pipe having said primary re?ex optical elements 
thereon. 

4. The vacuum cleaner assembly of claim 3 wherein 
said lower surface of said upper half-pipe and said upper 
surface of said lower half-pipe are both substantially 
smooth. 

5. The vacuum cleaner assembly of claim 3 wherein 
both said upper surface of said upper half-pipe and said 
lower surface of said lower half-pipe have said primary 
re?ex optical elements thereon. 

6. The vacuum cleaner assembly of claim 3 wherein 
both of said upper and lower half-pipes have lateral 
edges, at least one lateral edge of at least one of said 
upper and lower half~pipes having supplemental re?ex 
optical elements for directing back into said half-pipe 
any light rays that would otherwise exit said lateral 
edge. 

7. The vacuum cleaner assembly of claim 6 wherein 
both lateral edges of both said half-pipes have said sup 
plemental re?ex optical elements. 

8. The vacuum cleaner assembly of claim 6 wherein 
said supplemental re?ex optical elements are prismatic. 

9. The vacuum cleaner assembly of claim 8 wherein 
each of said prismatic supplemental re?ex optical ele 
ments has an isosceles-triangular cross section. 

10. The vacuum cleaner assembly of claim 9 wherein 
said isosceles-triangular cross section has an apex angle 
chosen based on said ?rst index of refraction to maxi 
mize total internal re?ection of light rays attempting to 
exit said lateral edges. 

11. The vacuum cleaner assembly of claim 10 
wherein said apex angle is between about 89.5’ and 
about 90.5‘. 

12. The vacuum cleaner assembly of claim 3 wherein 
said primary re?ex optical elements extend substantially 
along lines diverging substantially radially from a point 
substantially centered on said light source. 

13. The vacuum cleaner assembly of claim 12 
wherein each of said primary re?ex optical elements has 
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a cross section that increases as said primary re?ex 
optical element extends away from said point. 

14. The vacuum cleaner assembly of claim 12 
wherein said primary re?ex optical elements are pris 
matic. 

15. The vacuum cleaner assembly of claim 14 
wherein each of said prismatic primary re?ex optical 
elements has an isosceles-triangular cross section. 

16. The vacuum cleaner assembly of claim 15 
wherein said isosceles-triangular cross section of said 
primary re?ex optical elements has an apex angle 
chosen based on said ?rst index of refraction to maxi 
mize total internal re?ection of light rays propagating 
through said primary re?ex optical elements. 

17. The vacuum cleaner assembly of claim 16 
wherein said apex angle is between about 89.5‘ and 
about 90.5‘. 

18. The vacuum cleaner assembly of claim 16 further 
comprising secondary re?ex optical elements disposed 
in gaps formed as said primary re?ex optical elements 
diverge. 

19. The vacuum cleaner assembly of claim 18 
wherein said secondary re?ex optical elements are pris 
matic. 

20. The vacuum cleaner assembly of claim 19 
wherein each of said prismatic secondary re?ex optical 
elements has an isosceles-triangular cross section. 

21. The vacuum cleaner assembly of claim 20 
wherein said isosceles-triangular cross section of said 
secondary re?ex optical elements has an apex angle 
chosen based on said ?rst index of refraction to maxi 
mize total internal re?ection of light rays propagating 
through said secondary re?ex optical elements. 

22. The vacuum cleaner assembly of claim 21 
wherein said apex angle is between about 89.5‘ and 
about 90.5‘. 

23. The vacuum cleaner assembly of claim 2 wherein 
said apex angle of said isosceles-triangular cross section 
of said secondary re?ex optical elements is substantially 
identical to said apex angle of said isosceles-triangular 
cross section of said primary re?ex optical elements. 

24. The vacuum cleaner assembly of claim 20 
wherein the cross section of each of said secondary 
re?ex optical elements increases with increasing dis 
tance from said point. 

25. The vacuum cleaner assembly of claim wherein 
said light pipe has lateral edges, at least one lateral edge 
of said light pipe having supplemental re?ex optical 
elements for directing back into said light pipe any light 
rays that would otherwise exit said lateral edge. 

26. The vacuum cleaner assembly of claim 25 
wherein both lateral edges of said light pipe has said 
supplemental re?ex optical elements. 

27. The vacuum cleaner assembly of claim 25 
wherein said supplemental re?ex optical elements are 
prismatic. 

28. The vacuum cleaner assembly of claim 27 
wherein each of said prismatic supplemental re?ex opti~ 
cal elements has an isosceles-triangular cross section. 

29. The vacuum cleaner assembly of claim 28 
wherein said isosceles-triangular cross section has an 
apex angle chosen based on said ?rst index of refraction 
to maximize total internal re?ection of light rays at 
tempting to exit said lateral edges. 

30. The vacuum cleaner assembly of claim 29 
wherein said apex angle is between about 89.5‘ and 
about 90.5’. 
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31. The vacuum cleaner assembly of claim 1 wherein 
said primary re?ex optical elements extend substantially 
along lines diverging substantially radially from point 
substantially centered on said light source. 

32. The vacuum cleaner assembly of claim 31 
wherein each of said primary re?ex optical elements has 
a cross section that increases as said primary re?ex 
optical element extends away from said point. 

33. The vacuum cleaner assembly of claim 31 
wherein said primary re?ex optical elements are pris 
matic. 

34. The vacuum cleaner assembly of claim 33 
wherein each of said prismatic primary re?ex optical 
elements has an isosceles-triangular cross section. 

35. The vacuum cleaner assembly of claim 34 
wherein said isosceles-triangular cross section of said 
primary re?ex optical elements has an apex angle 
chosen based on said first index of refraction to maxi 
mize total internal re?ection of light rays propagating 
through said primary re?ex optical elements. 

36. The vacuum cleaner assembly of claim 35 
wherein said apex angle is between about 89.5‘ and 
about 90.5‘. 

37. The vacuum cleaner assembly of claim 35 further 
comprising secondary re?ex optical elements disposed 
in gaps formed as said primary re?ex optical elements 
diverge. 

38. The vacuum cleaner assembly of claim 37 
wherein said secondary re?ex optical elements are pris 
matic. 

39. The vacuum cleaner assembly of claim 38 
wherein each of said prismatic secondary re?ex optical 
elements has an isosceles-triangular cross section. 

40. The vacuum cleaner assembly of claim 39 
wherein said isosceles-triangular cross section of said 
secondary re?ex optical elements has an apex angle 
chosen based on said ?rst index of refraction to maxi 
rnize total internal re?ection of light rays propagating 
through said secondary re?ex optical elements. 

41. The vacuum cleaner assembly of claim 40 
wherein said apex angle is between about 89.5‘ and 
about 90.5‘. 

42. The vacuum cleaner assembly of claim 40 
wherein said apex angle of said isosceles-triangular 
cross section of said secondary re?ex optical elements is 
substantially identical to said apex angle of said isos 
celes-triangular cross section of said primary re?ex 
optical elements. 

43. The vacuum cleaner assembly of claim 39 
wherein the cross section of each of said secondary 
re?ex optical elements increases with increasing dis 
tance from said point. 

44. The vacuum cleaner assembly of claim 1 wherein 
said light pipe further comprises a plurality of prismatic 
shifting elements on said front face for changing direc 
tion of light rays transmitted through said front face. 

45. The vacuum cleaner assembly of claim 44 
wherein said prismatic shifting elements shift light rays 
laterally relative to said light pipe. 

46. The vacuum cleaner assembly of claim 44 
wherein said prismatic shifting elements vary in size 
across said front face. 

47. The vacuum cleaner assembly of claim 44 
wherein each of said prismatic shifting elements has an 
apex angle, said prismatic shifting elements varying in 
apex angle across said front face. 

48. The vacuum cleaner assembly of claim 44 
wherein the lateral extent of said front face is substan 
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tially completely occupied by said prismatic shifting 
elements. 

49. The vacuum cleaner assembly of claim 44 
wherein said light pipe comprises a substantially planar 
upper half-pipe and a substantially planar lower half 
pipe, each of said half-pipes having a respective half 
pipe front face, said prismatic shifting elements being 
disposed on at least one of said half-pipe front faces. 

50. The vacuum cleaner assembly of claim 49 
wherein said prismatic shifting elements are disposed on 
both of said half-pipe front faces. 

51. The vacuum cleaner assembly of claim 1 wherein 
said front face of said light pipe is inclined, being further 
back adjacent said top surface than adjacent said bottom 
surface. 

52. The vacuum cleaner assembly of claim 51 
wherein said front face is inclined at an angle of about 
17'. 

53. The vacuum cleaner assembly of claim 51 
wherein portions of said front face are inclined at a 
greater angle than other portions. 

54. The vacuum cleaner assembly of claim 1 wherein 
said housing has an underside and a suction chamber 
communicating with a suction opening in said underside 
adjacent said front wall, said light pipe and said head 
light aperture being situated above said suction cham 
ber, whereby said light pipe allows said light source to 
be situated remote from said front wall, thereby impart 
ing a low profile to said vacuum cleaner assembly at 
said front wall as compared to a vacuum cleaner assem 
bly in which said light source is situated at said front 
wall above said suction chamber. 

55. The vacuum cleaner assembly of claim 1 further 
comprising a re?ex optical reflector spaced from said 
light source in a direction away from said front wall, for 
re?ecting light toward said rear face of said light pipe, 
said re?ex optical re?ector comprising: 

a substantially transparent part cylindrical element 
having: 

an axis substantially centered on said light source, 
a second index of refraction, 
a surface facing said light source, and 
a surface away from said light source; and 
a plurality of re?ex optical elements on said surface 
away from said light source, said re?ex optical 
elements extending substantially parallel to said 
axis. 

56. The vacuum cleaner system of claim 55 wherein 
said re?ex optical elements of said re?ex optical re?ec 
tor are prismatic. 

57. The vacuum cleaner assembly of claim 56 
wherein each of said prismatic re?ex optical elements 
has an isosceles-triangular cross section. 

58. The vacuum cleaner assembly of claim 57 
wherein said isosceles-triangular cross section has an 
apex angle chosen based on said second index of refrac 
tion to maximize total internal reflection of light rays 
attempting to exit said surface away from said light 
source. 

59. The vacuum cleaner assembly at claim 58 wherein 
said apex angle is less than about 96.4‘. 

60. The vacuum cleaner assembly of claim 59 
wherein said apex angle is between about 89.5’ and 
about 90.5‘. 

61. The vacuum cleaner assembly of claim 55 
wherein said surface away from said light source is 
substantially completely occupied by said plurality of 
re?ex optical elements. 
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62. For use in a vacuum cleaner assembly having a 
light source, a re?ex optical re?ector spaced from said 
light source in a first direction, for re?ecting light in a 
second direction opposite said ?rst direction, said re?ex 
optical re?ector comprising: 

a substantially transparent part-cylindrical element 
having: 

an axis substantially centered on said light source, 
an index of refraction, 
‘a surface facing said light source, and 
a surface away from said light source; and 
a plurality of re?ex optical elements on said surface 
away from said light source, said re?ex optical 
elements extending substantially parallel to said 
axis, said re?ex optical elements being optical ele 
ments that direct light transmitted therethrough by 
substantially total internal re?ection of said light. 

63. The re?ex optical re?ector of claim 62 wherein 
said re?ex optical elements are prismatic. 

64. The re?ex optical re?ector of clam 63 wherein 
each of said prismatic re?ex optical elements has an 
isosceles-triangular cross section. 

65. The re?ex optical re?ector of claim 64 wherein 
said isosceles-triangular cross section has an apex angle 
chosen based on said index of refraction to maximize 
total internal re?ection of light rays attempting to exit 
said surface away from said light source. 

66. The re?ex optical reflector of claim 65 wherein 
said apex angle is less than about 96.4‘. 

67. The re?ex optical re?ector of claim 66 wherein 
said apex angle is between about 89.5’ and about 90.5‘. 

68. The re?ex optical re?ector of claim 62 wherein 
said surface away from said light source is substantially 
completely occupied by said plurality of reflex optical 
elements. 

69. For use in a vacuum cleaner assembly including a 
housing having a front wall, a headlight aperture in said 
front wall, and a light source within said housing re 
mote from said headlight aperture, for disposition be 
tween said light source and said headlight aperture for 
propagating light therebetween, a substantially planar 
light pipe, said light pipe comprising: 

an index of refraction; 
a rear face adjacent said light source for receiving 

light from said light source, 
a front face disposed substantially in said headlight 

aperture through which light is emitted, and 
an upper surface and a lower surface, at least one of 

said upper and lower surfaces having primary re 
?ex optical elements thereon for distributing light 
entering said rear face in a desired distribution to 
said front face, said re?ex optical elements being 
optical elements that direct light transmitted there 
through by substantially total internal re?ection of 
said light. 

70. The light pipe of claim 69 wherein both of said 
upper and lower surfaces have said primary re?ex opti 
cal elements thereon. 

71. The light pipe of claim 69 wherein said light pipe 
comprises a substantially planar upper half-pipe and a 
substantially planar lower half-pipe, each of said half 
pipes having upper and lower surfaces, the lower sur 
face of said upper half-pipe and the upper surface of said 
lower half-pipe being complementary, and at least one 
of the upper surface of said upper half-pipe and the 
lower surface of said lower half-pipe having said pri 
mary re?ex optical elements thereon. 
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72. The light pipe of claim 71 wherein said lower 

surface of said upper half-pipe and said upper surface of 
said lower half-pipe are both substantially smooth. 

73. The light pipe of claim 71 wherein both said upper 
surface of said upper half-pipe and said lower surface of 
said lower half-pipe have said primary re?ex optical 
elements thereon. 

74. The light pipe of claim 71 wherein both of said 
upper and lower half-pipes have lateral edges, at least 
one lateral edge of at least one of said upper and lower 
half-pipes having supplemental re?ex optical elements 
for directing back into said half-pipe any light rays that 
would otherwise exit said lateral edge. 

75. The light pipe of claim 74 wherein both lateral 
edges of both said half-pipes have said supplemental 
re?ex optical elements. 

76. The light pipe of claim 74 wherein said supple 
mental re?ex bptical elements are prismatic. 

77. The light pipe of claim 76 wherein each of said 
prismatic supplemental re?ex optical elements has an 
isosceles-triangular cross section. 

78. The light pipe of claim 77 wherein said isosceles 
triangular cross section has an apex angle chosen based 
on said ?rst index of refraction to maximize total inter 
nal re?ection of light rays attempting to exit said lateral 
edges. 

79. The light pipe of claim 78 wherein said apex angle 
is between about 89.5‘ and about 90.5‘. 

80. The light pipe of claim 71 wherein said primary 
re?ex optical elements extend substantially along lines 
diverging substantially radially from a point off said 
light pipe, divergence of said primary re?ex optical 
elements increasing from said rear face toward said 
front face. 

81. The light pipe of claim 80 wherein each of said 
primary re?ex optical elements has a cross section that 
increases as said primary re?ex optical element extends 
away from said point. 

82. The light pipe of claim 81 wherein said primary 
re?ex optical elements are prismatic. 

83. The light pipe of claim 82 wherein each of said 
prismatic primary re?ex optical elements has an isos 
celes-triangular cross section. 

84. The light pipe of claim 83 wherein said isosceles 
triangular cross section of said primary re?ex optical 
elements has an apex angle chosen based on said index 
of refraction to maximize total internal re?ection of 
light rays propagating through said primary re?ex opti 
cal elements. 

85. The light pipe of claim 84 wherein said apex angle 
is between about 89.5‘ and about 90.5‘. 

86. The light pipe of claim 84 further comprising 
secondary re?ex optical elements disposed in gaps 
formed as said primary re?ex optical elements diverge. 

87. The light pipe of claim 86 wherein said secondary 
re?ex optical elements are prismatic. 

88. The light pipe of claim 87 wherein each of said 
prismatic secondary re?ex optical elements has an isos 
celes-triangular cross section. 

89. The light pipe of claim 88 wherein said isosceles 
triangular cross section of said secondary re?ex optical 
elements has an apex angle chosen based on said index 
of refraction to maximize total internal re?ection of 
light rays propagating through said secondary re?ex 
optical elements. 

90. The light pipe of claim 89 wherein said apex angle 
is between about 89.5‘ and about 90.5‘. 
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91. The light pipe of claim 89 wherein said apex angle 
of said isosceles-triangular cross section of said second 
ary re?ex optical elements is substantially identical to 
said apex angle of said isosceles-triangular cross section 
of said primary re?ex optical elements. 

92. The light pipe of claim 88 wherein the cross sec~ 
tion of each of said secondary re?ex optical elements 
increases with increasing distance from rear face. 

93. The light pipe of claim 69 wherein said light pipe 
has lateral edges, at least one lateral edge of said light 
pipe having supplemental re?ex optical elements for 
directing back into said light pipe any light rays that 
would otherwise exit said lateral edge. 

94. The light pipe of claim 93 wherein both lateral 
edges of said light pipe has said supplemental re?ex 
optical elements. 

95. The light pipe of claim 93 wherein said supple 
mental re?ex optical elements are prismatic. 

96. The light pipe of claim 95 wherein each of said 
prismatic supplemental re?ex optical elements has an 
isosceles-triangular cross section. 

97. The light pipe of claim 96 wherein said isosceles 
triangular cross section has an apex angle chosen based 
on said first index of refraction to maximize total inter 
nal re?ection of light rays attempting to exit said lateral 
edges. 

98. The light pipe of claim 97 wherein said apex angle 
is between about 89.5‘ and about 90.5’. 

99. The light pipe of claim 69 wherein said primary 
re?ex optical elements extend substantially along lines 
diverging substantially radially from a point off said 
light pipe, divergence of said primary re?ex optical 
elements increasing from said rear face toward said 
front face. 

100. The light pipe of claim 99 wherein each of said 
primary re?ex optical elements has a cross section that 
increases as said primary re?ex optical element extends 
away from said point. 

101. The light pipe of claim 100 wherein said primary 
re?ex optical elements are prismatic. 

102. The light pipe of claim 101 wherein each of said 
prismatic primary re?ex optical elements has an isos 
celes-triangular cross section. 

103. The light pipe of claim 102 wherein said isos 
celes-triangular cross section of said primary re?ex 
optical elements has an apex angle chosen based on said 
index of refraction to maximize total internal re?ection 
of light rays propagating through said primary re?ex 
optical elements. 

104. The light pipe of claim 103 wherein said apex 
angle is between about 89.5‘ and about 90.5’. 

105. The light pipe of claim 103 further comprising 
secondary re?ex optical elements disposed in gaps 
formed as said primary re?ex optical elements diverge. 

106. The light pipe of claim 105 wherein said second 
ary re?ex optical elements are prismatic. 

101. The light pipe of claim 106 wherein each of said 
prismatic secondary re?ex optical elements has an isos 
celes-triangular cross section. 

108. The light pipe of claim 107 wherein said isos 
celes-triangular cross section of said secondary re?ex 
optical elements has an apex angle chosen based on said 
index of refraction to maximize total internal re?ection 
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of light rays propagating through said secondary re?ex 
optical elements. 

109. The light pipe of claim 108 wherein said apex 
angle is between about 89.5’ and about 90.5‘. 

110. The light pipe of claim 108 wherein said apex 
angle of said isosceles-triangular cross section of said 
secondary re?ex optical elements is substantially identi 
cal to said apex angle of said isosceles-triangular cross 
section of said primary re?ex optical elements. 

111. The light pipe of claim 10'! wherein the cross 
section of each of said secondary re?ex optical elements 
increases with increasing distance from said rear face. 

112. The light pipe of claim 69 further comprising a 
plurality of prismatic shifting elements on said front 
face for changing direction of light rays transmitted 
through said front face. 

113. The light pipe of claim 112 wherein said pris 
matic shifting elements shift light rays laterally relative 
to said light pipe. 

114. The light pipe of claim 112 wherein said pris 
matic shi?ing elements vary in size across said front 
face. 

115. The light pipe of claim 112 wherein each of said 
prismatic shifting elements has an apex angle, said pris 
matic shifting elements varying in apex angle across said 
front face. 

116. The light pipe of claim 112 wherein the lateral 
extent of said front face is substantially completely oc 
cupied by said prismatic shifting elements. 

117. The light pipe of claim 112 comprising a substan 
tially planar upper half-pipe and a substantially planar 
lower half-pipe, each of said half-pipes having a respec 
tive half-pipe front face, said prismatic shifting elements 
being disposed on at least one of said half-pipe front 
faces. 

118. The vacuum cleaner assembly of claim 117 
wherein said prismatic shifting elements are disposed on 
both of said half~pipe front faces. 

119. The light pipe of claim 69 wherein said front face 
is inclined, being further back adjacent said top surface 
than adjacent said bottom surface. 

120. The light pipe of claim 119 wherein said front 
face is inclined at an angle of about l7°. 

121. The light pipe of claim 119 wherein portions of 
said front face are inclined at a greater angle than other 
portions. 

122. The light pipe of claim 69 wherein: 
when: 
said light pipe is used in a housing having a front wall, 

an underside, a headlight aperture in said front 
wall, a light source for emitting light through said 
headlight aperture, and a suction chamber commu 
nicating with a suction opening in said underside 
adjacent said front wall, and 

said light pipe and said headlight aperture are situated 
above said suction chamber: 

said light pipe allows said light source to be situated 
remote from said front wall, thereby imparting a 
low profile to said housing at said front wall as 
compared to a housing in which said light source is 
situated at said front wall above said suction cham 
her. 

‘it.’ 
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